In a context of intense airport and airline competition, a few European airports have recently started offering selfconnection services to price-sensitive holiday passengers travelling with a combination of tickets where the airline/s involved do not handle the transfer themselves. This paper provides an exploratory analysis of the potential and implications of self-connectivity for European airports and airlines using a case study of air travel routes to holiday destinations in the Mediterranean. With the help of a forecasting model based on a zero-inflated Poisson regression, we identify the airports and airlines that have the highest potential to facilitate self-connections in the selected markets. The results also explore some implications of the widespread development of selfconnection services in Europe.
INTRODUCTION
In recent years, many low-cost carriers (LCCs) have reacted to the strong competitive environment by adopting strategies traditionally associated to full-service network carriers, such as price bundling, codesharing agreements, and operating connecting flights (Klophaus et al., 2012; Lieshout et al., 2015; Morandi et al., 2015; Fageda et al., 2015) . This reveals an interest by low-cost operators to tap into a market they have been neglecting: self-connecting passengers that build their own itineraries by combining multiple tickets and taking care of their own baggage transfer. Recently, a few airports have shown that they wish to cater to the needs of self-connecting passengers as well. For example, London Gatwick and Milano Malpensa started offering self-connection services to passengers travelling with a combination of tickets where the airline/s involved do not handle the transfer themselves (ViaMilano, 2016) . In exchange for a fee, self-connecting passengers at Gatwick are offered a baggage transfer service as well as insurance against the risk of missing their onward flight in the event of delays (Gatwick Airport, 2015) . Another feature of these self-connectivity platforms is a dedicated booking system that presents self-connecting tickets to the passengers automatically. This improves the "visibility" of these travel options since passengers do not have to put an extra search effort to build their own tickets, as they have to do in booking systems that only show traditional flight connections. Airlines must sign up to participate in self-connecting schemes at each airport and they may do so if the interline connectivity creates economies of traffic density (Starkie, 2007) . Airports, on the other hand, can also benefit from increased nonaeronautical revenues linked to the extra connecting passengers (Malighetti et al., 2008) .
One of the key targets of self-connection services are price-sensitive holiday passengers 1 . This is evident from the marketing materials of Gatwick and Milano airports, which point at potential cost savings in self-connection itineraries to/from destinations in the Mediterranean. Assuming that leisure passengers are willing to accept travel detours to save in airfares (Fageda et al., 2015; OAG, 2016) , and taking into account that intra-European routes are dominated by point-to-point LCC services (Dobruszkes, 2013) with limited traditional connectivity, we hypothesize that there is potential for a more widespread development of self-connection platforms at European airports that cater to passengers in holiday markets.
In this context, we aim to evaluate several aspects of this business opportunity that have not yet received substantial attention in the literature. We focus on 1) identifying the airports and airlines that have the highest potential for self-connectivity, and 2) discuss the barriers and facilitating factors for airports and airlines to support self-connectivity. To that end, we use Market Information Data Tapes (MIDT) for June 2014 that cover routes from Europe to holiday destinations in the Mediterranean. A Quality of Service Index (QSI) methodology, based on coefficients obtained using a zero-inflated Poisson regression, is employed to predict the amount of potential traffic that could be captured by self-connecting travel alternatives identified with a connections builder (CB) algorithm. (September 2015) , www.flyviamilano.edu (April 2016) The rest of this paper is structured as follows: Section 2 reviews the literature and states our contribution. Section 3 introduces the case study, datasets, and methodology. Section 4 presents the results and discusses their main implications. Finally, Section 5 summarizes our findings, addresses the limitations of our model, and proposes new paths for future research.
PREVIOUS LITERATURE
While there have been many papers analyzing the connectivity of airline networks (e.g. Veldhuis, 1997; Burghouwt and de Wit, 2005) , the phenomenon of self-connectivity was firstly defined by Burghouwt (2007) as "self-help hubbing", while Malighetti et al., (2008) were the first to analyse it in detail. Using data on airline schedules, they concluded that there were many attractive indirect travel options 2 involving self-connections. In particular, they found that twothirds of the fastest indirect connections within Europe were provided outside the scope of the individual airline alliances. In terms of methodology, we aim to complement their analysis of airline schedules with demand data on actual passenger itineraries (MIDT). This is a novel contribution to the literature on self-connectivity in airline networks. It is a relevant improvement since not all self-connecting travel alternatives will be equally important for the airport and airlines involved. Their importance will depend on factors that can only be measured with demand data: 1) the size of the relevant origin and destination market, i.e. how many passengers do actually want to travel between the two places? 2) how competitive are the other available travel options that passengers have actually taken within the same market?
Connection builders (CB) are typically employed to identify the competitive travel alternatives in air transport markets (Halpern and Graham, 2013) . Using data on airline schedules, these algorithms search for all valid flight connections between predefined origin and destination airports. Then, there is need to forecast the demand that each travel itinerary can capture. In that regard, Halpern and Graham (2013) notes that Quality of Service Index (QSI) models have been adopted as industry standard and are widely applied by airports to forecast market shares of new routes. QSI models assign a weighted "score" to each travel alternative based on a set of predictors of passenger choice. The most common demand predictors include fares, frequencies, connecting times, number of stops, travel detours, aircraft type, or departure time 3 (Tembleque-Villalta and Suau-Sanchez, 2015; Narangajavan et al., 2014) . Our paper is the first to add self-connectivity to that list of demand predictors. A common criticism of QSI models is that the weights of each predictor usually take arbitrary values (Wei and Hansen, 2006) . In order to overcome that limitation, we calibrate the predictor weights using a regression method on the observed passenger behaviour recorded in the MIDT data. In accordance with the observed distributional characteristics of passenger bookings, we model it as count data and employ a Poisson model (Mao et al., 2015) .
In summary, we advance the literature about self-connectivity in airline networks with the use of MIDT demand data that leads to a more precise determination of the amount and value of the self-connections available at European airports. To that end, we employ methods that are well established in the context of airport route development (QSI and CB), thus helping the implementation of our methods by practitioners in the air transport industry.
DATA AND METHODOLOGY

Case study and datasets
We focus on the air transport routes that originate in the European Economic Area and terminate in a coastal destination in (or around) the Mediterranean region during the first week of June 2014. Data was available from these countries: Morocco, Algeria, Malta, Egypt, Jordan, Israel, Lebanon, Cyprus, Turkey, Greece, Croatia, Italy, France, Monaco, Spain, Gibraltar, and Portugal. All island destinations in these countries are included, even the Atlantic ones (Canaries, Madeira, and Azores). For mainland Spain, France, and Italy, only the airports serving Mediterranean destinations are designed as such (See Appendix A for more details).
Our MIDT dataset includes 3.2 million passenger bookings obtained from the OAG Traffic Analyser. The original sources of information for the MIDT dataset are Global Distributions Systems (GDSs), such as Galileo, Sabre, or Amadeus. Table 2 provides a breakdown of bookings per origin and destination countries. As expected, countries like UK, Italy, and Germany are among the largest generators. Spain, Italy, and Greece are the top traffic attractors on the European side, while Morocco is the top destination on the African side. It is worth highlighting Italy's dual role as origin and destination country, which is related to its unique geography with a large number of Mediterranean airports, including Rome, while also leaving major airports in the North (e.g. Milan), outside of the pool of destinations. It is also possible to disaggregate the bookings according to the type of itinerary (Table 3 ). The vast majority of bookings (91.7%) are for non-stop travel. In spite of that, the amount of connecting passengers is not negligible (266 thousand per week) and represents an attractive segment of demand that airports could develop by facilitating self-connections. Table 4 also shows the top ten airlines according to passenger bookings. As expected, intra-European markets are dominated by LCCs such as Ryanair and Easyjet, which supports the hypothesis that a large number of self-connecting opportunities will be found among these airlines that do not typically operate transfer flights. We also employ two additional datasets of global flight schedules and airport-specific minimum connecting times (including airline-specific exceptions) valid for the first week of June 2014, obtained from OAG as well.
Connection Builder
Flight frequency is one of the key predictors of passenger choice. Therefore, we employ a CB method to find all valid itineraries in the selected markets. The parameters of our CB algorithm are summarized in Table 5 . For each airport-pair in the MIDT file, a search is made in the schedules dataset for all valid flight combinations from the origin airport to the destination airport (up to a maximum of two stops). No interline restrictions are imposed. For a flight combination to be valid it must meet the published minimum connecting times.
In order to discard unrealistic flight combinations (Redondi et al., 2011; Seredyński et al., 2014; Grosche and Klophaus, 2015) , we impose a maximum geographic detour for each market (ratio between indirect and non-stop flight distance) based on the real-world itineraries in the MIDT file. To mitigate the influence of outliers, we discard every flight combination found by the CB algorithm that is above the 95% percentile of the market-specific distribution of geographic detour calculated from the itineraries in the MIDT file. With the same objective, an additional constraint is imposed in regards to maximum travel time increase (ratio between total indirect travel time, including flight connections, and non-stop travel time). That limit is established at the 95% percentile in the market-specific distribution of travel time increase. This distribution includes all traditional flight combinations within a one-hour window with respect to the best weekly indirect travel time in each itinerary. The goal is to keep only the self-connecting flight combinations that are competitive in the sense that there is evidence that passengers are willing to accept these geographic detours and travel time increases in traditional flight connections 4 . A flight combination is labelled as "self-connecting" if either: 1) both arriving and departure airlines are LCCs (as indicated by ICAO, 2014) 5 , or 2) arriving and departure airlines are not part of the same alliance. This broad definition, however, leaves some traditional connections misclassified, such as those provided in virtue of out-of-alliance interlining agreements and also the transfer services provided by LCCs at selected locations. We identify these cases by cross-checking our CB flight combinations against the published minimum connecting times dataset, as it is common that airlines providing these connections file an exception to the airport's default values. The outcome of this stage is a dataset of 469,734 unique itineraries that the CB identified as valid travel alternatives within the selected markets.
Poisson regression and QSI model
The CB itineraries are combined with the MIDT passenger bookings, returning a dataset of 134,724 consolidated itineraries, 78.24% of which (105,402) did not have any bookings. Our dependent variable is the number of weekly passenger bookings per itinerary (See Table 6 ). Since bookings only take non-negative integer values, they can be defined as count data (Mao et al., 2015) . Poisson regressions are typically used to model count data. However, these models are restrictive in the sense that the Poisson distribution assumes that the conditional mean is equal to the conditional variance. This assumption is not met by our data, which shows clear signs of overdispersion. One way to deal with the high variance is to account for the excessive amount of zero-booking travel itineraries. To that end, we employ a zero-inflated Poisson regression in order to separate between "true zeros" and "excess zeros" (Greene, 1994) . This method models two separate data generation processes for each observation, one that generates zero counts and another generating Poisson counts. For travel itinerary i (Yi), the zero-generating process is chosen with probability φi and the Poisson process with probability (1-φi):
The φi probability is modelled against the characteristics of each observation (zi) using a logistic function with parameters γ to be estimated. The Poisson process has mean that is regressed against the characteristics of each observation (xi) using a log-linear specification with parameters β to be estimated. The mean and variance of the zero-inflated Poisson model are given by:
In order to estimate the model, there is need to define the x and z variables. In accordance with the previous literature, the following predictors of passenger choice are included:
1) Weekly frequencies per itinerary: count data can be treated as the product of an incidence rate (in our case, bookings per individual frequency within each itinerary) and an exposure (frequencies per itinerary). Thus, we define weekly frequencies as exposure variable, with its coefficient restricted to 1. The interpretation of the remaining coefficients is thus made in terms of incidence rate.
2) Seat capacity at market and itinerary level: we separate between non-stop, 1-stop, and 2-stop seats. An indicator of concentration of seat capacity across airlines (the Hirschmann-Herfindhal Index-HHI is calculated as the sum of the airlines' squared capacity shares) and the share of the ticketing airline's seat capacity to total market capacity are included as well in order to control for the effects of market dominance.
3) Number of stops and average airfares: Borrowing from Coldren and Koppelman (2005) , we create a set of dummy variables that indicate whether the itinerary is non-stop, 1-stop, or 2-stops in comparison with best available itinerary in each market. For example, we find 1-stop itineraries that operate in markets where non-stop connections are either available or not. This captures the diversity in competitive environments. In regards to prices, due to data restrictions, traditional itineraries are given average fares per type of connection between airport-pair markets (i.e. prices are not airline-specific). Self-connecting travel options are given a sum of the average non-stop prices for each travel segment (as if the flights were bought separately). We also identify the indirect itineraries that present the best average fares in each market and calculate the difference between an itinerary's fare and the best in the market.
4) Travel time increase (TTI):
It is expected that itineraries with longer travel times (related to either geographic detour of flight transfers) are less attractive to passengers. The impact of TTI is differentiated according to number of stops.
5) Connectivity: The model accounts for two aspects of airline connectivity that can have an impact in demand. First, the proportion of self-connecting frequencies in the consolidated itinerary. This variable is interpreted as an impedance to informed passengers, i.e. a bad "quality" effect associated to the baggage transfer and risk of missing the onward flight. These passengers may or may not self-connect depending on the other aspects of the itinerary.
Second, inter-terminal connectivity labels those itineraries where a transfer between different terminals is required at any time during the trip.
6) Other: The Poisson model is completed with other common predictors of passenger choice, such as aircraft size (calculated as seats per frequency), market length (great circle distance from origin to destination), and departure time (morning: 6am-12pm; afternoon: 12pm-6pm; and evening: 6pm-12am, all times UTC). In addition, we include dummies for countries of origin and destination, as well as the largest hubs and airlines in order to capture any unobserved heterogeneity.
7) Zero-generating process: Excess zeros represent itineraries that were not easily accessible to passengers because of not appearing alongside traditional flight connections in booking systems (they are not "visible") and required an extra search effort. Thus, one can expect selfconnecting itineraries to be disproportionately empty of bookings as they may be actually unknown to the air travellers. TTI is the second variable that can explain a disproportionate amount of zero-bookings for travel itineraries.
The estimation output is presented in Table 7 . The equation is globally significant and the signs of the coefficients are similar. Marginal effects of the individual variables are provided, which indicate the increase in predicted bookings per itinerary associated to a unit increase in the relevant explanatory variable. These are evaluated are the sample means. The dummy variables related to number of stops have the expected signs, 2-stop itineraries tend to have less passengers per frequency than 1-stop itineraries and the negative impact of indirect travel is exacerbated by the availability of shorter itineraries in the market. In terms of marginal effects, a 1-stop itinerary can be expected to capture between 35 and 39 fewer weekly bookings than a non-stop itinerary. The marginal effect for a 2-stop itinerary is between 76 and 85 fewer weekly bookings. Interestingly, having the lowest fares tends to boost demand only when indirect travel undercuts direct travel. Travel Time Increases generally have the expected negative impact on the number of passengers per itinerary. However, being the fastest 2-stop itinerary boosts demand. Inter-terminal connections are seen as a burden by passengers (marginal effect: -2.08 bookings), and the same applies to self-connections in 1-stop itineraries. Involving a selfconnection decreases demand in 21.3 weekly bookings with respect to a traditional 1-stop connection. Surprisingly, self-connectivity seems to boost demand for 2-stop itineraries, which suggests that, in an intra-European context where distances are relatively short, the few 2-stop itineraries taken by passengers (0.5% of total bookings -See Table 3 ) come as a result of passengers actively searching for these routes to save in airfares (or for other, unexplained reasons). Overall, the marginal effect for self-connections (without separating 1-stop and 2-stop) is negative and significant (-2.9) which is consistent with our expectations. As expected, self-connectivity also increases the probability of an itinerary to capture zero bookings, and the same applies to Travel Time Increase for 2-stop itineraries. The regression coefficients are applied to the original CB itineraries in order to obtain QSI scores. Market shares are then calculated as the ratio between the scores of each individual CB itinerary and the sum of the scores of all itineraries in the same origin and destination market. This leads to our baseline scenario. The development scenario is obtained using the same procedure with two key changes: 1) removing the effect of the four self-connection coefficients in the Poisson and zero-generating models, 2) increase the price of self-connecting itineraries in 40 USD per transfer 6 . By removing the two self-connection coefficients from the Poisson equation, the difference in connection "quality" associated to self-connecting travel options, with respect to traditional flight transfers, is removed. We argue that this represents a scenario in which airports provide baggage and insurance services with self-connecting platforms. By removing the two additional self-connection coefficients from the zero-generating equation, the difference in "visibility" between self-connections and traditional connections is removed as well (e.g. by having online booking platforms that automatically show self-connecting options to the passenger and hence, finding them does not require an extra search effort). Our development scenario combines both effects (the quality and visibility gaps are closed). This will lead to a forecast of the amount of self-connection traffic in the event of a widespread development of platforms like the ones in Gatwick or Milano that make the self-connection experience more comparable to traditional connectivity.
As seen in Table 8 , the baseline scenario indicates that about 1.5% of air travel in European holiday markets is currently self-connecting (approximately 50,000 weekly connections). In the development scenario, self-connectivity is predicted to increase five-fold (approximately 250,000 weekly connections), at the expense of both non-stop travel and traditional connectivity. Overall, the development scenario contemplates a 5% increase in the share of indirect air travel in European holiday markets. The predicted amounts of self-connecting traffic for the top-25 airports in the baseline scenario are presented in Table 9 . In addition, we also include the actual (MIDT) and predicted amounts of total connectivity (traditional plus self-connectivity) in order to establish the degree of accuracy of our model. The average deviation from the actual connectivity for the selected airports is 15%. In spite of that, the airport rankings according to actual and predicted connectivity are highly consistent (Spearman's rank correlation = 95.9%). The results for the top-25 airports in the development scenario are shown in Table 10 .
Given the current schedules in the European air transport network, the airports with the highest potential to benefit from implementing self-connection platforms in European holiday markets are Rome, Barcelona, Munich, Frankfurt, Athens, and Gatwick. The leading position of these airports arises as a result of good indirect connectivity, with respect to competing hubs or direct air travel, in origin and destination markets that are relatively dense with passenger traffic. Furthermore, these airports are characterized by their central location in relation to the European holiday traffic flows. This centrality can be understood in both a geographical sense (e.g. Rome, Athens) and in a topological sense (e.g. airports that serve as gateway between their countries and international holiday destinations). In the baseline scenario, it is clearly seen that airports dominated by of LCCs benefit from a higher amount of self-connecting potential (e.g. Barcelona, Gatwick). However, this is not a necessary requirement as interlining opportunities can also be present in airports with a diverse mix of traditional network airlines from different alliances. In the development scenario, LCC-dominated airports present the highest increases in self-connecting traffic. This reflects negatively on Frankfurt, whose lack of LCC traffic leads to traffic leakage to other hubs with expanded travel options, particularly in comparison with Rome Fiumicino or other hubs in central Europe (Appendix B provides information on the three markets where Frankfurt Airport is predicted to lose the largest amount of indirect traffic in the development scenario).
Tables 9 and 10 also provide several airport-specific indicators that assess the complexity of the implementation of self-connecting platforms. First, we report the proportion of selfconnecting bookings that would involve an inter-terminal transfer as a proxy for the increased pressure on passenger mobility or airport baggage handling systems. The rates of inter-terminal transfer are significant for most airports with complex terminal layouts, ranging from 22% at Barcelona to 94% at Paris-CDG, respectively. Thus, they are an important factor to take into account while evaluating the feasibility and timescales of implementation since a large flow of inter-terminal passengers and luggage would need to be incorporated into the terminal operations. The variability across airports, however, suggests that the self-connecting fees charged to the passengers could be different depending on the size and complexity of the airport's terminal layout, with the objective to reflect any differences in operating cost associated to the self-connection. This is a factor that airports without inter-terminal transfers, like Palma de Mallorca, Athens, or Vienna could exploit to achieve a pricing advantage. On the other hand, airports and airlines could also decide to bring the busiest self-connection partners closer together in the terminal to minimize disruption to other passenger flows.
From the airline perspective, there is a clear divide between LCC-dominated and other airports as the first category allows for a higher proportion of inline self-connectivity. This would allow for an initial implementation of these services that is not highly dependent on interline negotiations. For example, 53.4% of feeding passengers (arriving) and 47.1% of onward passengers (departing) could be served by Easyjet at Gatwick (Table 11) . While Lufthansa would also dominate both feeding and onward self-connecting traffic at Frankfurt and Munich, it is always dependent on reaching agreements with other airlines. The same applies to the recently announced strategy of Ryanair to start offering connecting services at Barcelona Airport (CAPA, 2016) , which, at least in what concerns to intra-European holiday markets, can greatly benefit from interlining. The complexity of these airline negotiations, however, will benefit from a reduction in the number of actors involved. We characterize that by calculating the HHI of the interline traffic flows: the higher the HHI the more concentrated is interline traffic among fewer airlines at a particular location. Our results show that airports like Vienna, Prague, or Copenhagen may benefit from a higher concentration in self-connecting frequencies, and thus simpler negotiations, in comparison with other airports. Tables 12 and 13 rank the airlines' potential for self-connections in the baseline and development scenarios, respectively. Unsurprisingly, results indicate that LCCs like Easyjet, Ryanair, and Vueling present the highest potential to benefit from self-connectivity in intraEuropean holiday markets 7 , having a relatively balanced participation as feeding and onward carriers. However, there is also room for traditional carriers, with the primary role determined by the geographic location of the airline's main base. While Air France, British Airways, SAS, and Lufthansa can play a primarily feeding role, Alitalia should be able to leverage its prime position at Rome to serve onward traffic to destinations in the Mediterranean. Similarly to the airport case, the development of self-connectivity seems to affect Lufthansa negatively due to the competition for other airlines and hubs (Appendix B). Finally, Table 14 provides an overall view of potential airline self-connecting relationships in the development scenario. It is interesting to find examples of intra-LCC, inter-LCC, traditional-LCC and traditionaltraditional interlining flows among the busiest ones in the holiday markets. Results show that Ryanair would have the largest amount of inline self-connections (34.2%) following by Easyjet (20.4%). Inter-LCC collaboration can also be beneficial: Easyjet could potentially serve the largest proportion of onward seats for the passengers fed by Norwegian. The possibility of collaboration between traditional carriers and LCCs is illustrated by the reciprocal traffic flows between Alitalia and Vueling or between Lufthansa and Air Berlin. Finally, self-connecting opportunities can also be offered across airline alliances, e.g. British Airways (feeding) and Alitalia (onward), though, in this case, the roles are not reciprocal. The diversity in airline partnerships suggested by this exploratory analysis suggests that there is indeed an interesting potential for this type of traffic (hidden in the complexity of airline schedules), as the passengers' desire to cut airfares makes then step beyond the boundaries of traditional connectivity to create links between airlines that have never collaborated before. 
SUMMARY, LIMITATIONS, AND FUTURE RESEARCH
This paper analyses the potential for self-connectivity in European holiday air transport markets using MIDT data from June 2014. Our empirical strategy is based on a QSI model calibrated with a zero-inflated Poisson regression. Our baseline scenario estimates that about 1.5% of passenger bookings in European holiday markets are currently self-connecting. A development scenario suggests that this proportion could increase by approximately five times if self-connecting travel achieves the same quality than traditional connections and it becomes visible in booking platforms. The airports with the highest potential to benefit from selfconnection platforms in European holiday markets are Rome, Barcelona, Munich, Frankfurt, Athens, and Gatwick. These airports are characterized by their central location in relation to the European holiday traffic flows. In general, LCC-dominated airports benefit from larger increases in self-connecting traffic in the development scenario.
We also investigate potential barriers to the implementation of self-connecting platforms. First, the rates of inter-terminal self-connections are significant for most airports and hence, they are an important factor to take into account while evaluating the feasibility and timescales of implementation due to the increased pressure on baggage handling systems. From the airline perspective, LCC-dominated airports present a higher share of inline self-connectivity. This would allow for an initial implementation of these services that is not dependent on interline negotiations. Results also indicate that LCCs like Easyjet, Ryanair, and Vueling have the highest potential to benefit from self-connectivity in intra-European holiday markets, with Ryanair having the largest proportion of inline connections. However, there is also room for traditional carriers to partner with LCCs or other traditional carriers. While Air France, British Airways, and Lufthansa can play a primarily feeding role, Alitalia can leverage its prime position at Rome to serve onward traffic to destinations in the Mediterranean.
This research, however, has a few limitations. First, the estimation process can benefit for higher-quality price information. This would allow for a better characterization on the impact of reduced fares on passenger demand and also to obtain an estimation on potential cost savings for passengers and revenue implications for airlines. Any generation of new demand as a result of the availability of new frequencies in previously unserved markets is not modelled either. Finally, further research may want to consider expanding this approach to other markets. The recent development of low-cost long-haul routes (e.g. Norwegian routes to North America) may create opportunities for LCCs to tap into intercontinental markets and expand their scope of competition against traditional network carriers.
